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Description 

METHOD OF SEPARATING ERGOSTERQL 

Technical Field 

The present invention relates to a method of separating 
ergosterol . 

Background Art 

Ergosterol is a type of sterols, which is contained in 
microorganisms such as fungi. It is a substance useful as 
a provitamin D2 . It has been known that when such an 
ergosterol is crystallized in a water-insoluble organic 
solvent, granular aggregates exhibiting good solid-liquid 
separation character can be obtained (Japanese Patent 
Laid-Open No. 2002-80492) . In this case, however, the actual 
yield of crystals is significantly lower than that estimated 
from the solubility of ergosterol in the above organic solvent . 
Thus, this method is problematic in that the remainder of 
ergosterol are gradually precipitated as fine crystalline 
flocculates from the filtrate after solid-liquid separation. 
It has also been known that ergosterol forms hydrate crystals 
(S. E. Hull et al., Acta Cryst. B32, 2370-2373 (1976)). 
However, the association of this fact with the. aforementioned 
problem has not been clarified. 



Summary of the Invention 
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The present invention solves the aforementioned problem 
regarding poor yield, and provides an industrially 
advantageous method of separating ergosterol by obtaining 
ergosterol crystals at a high yield, and preferably by 
obtaining ergosterol aggregates with good solid-liquid 
separation character at a high yield. 

As a result of various experiments and studies regarding 
crystallization of ergosterol, the present inventor has found 
for the first time that water supply during the 
crystallization of ergosterol largely affects the yield of 
crystals. He has completed the present invention based on 
these findings. 

The method of separating ergosterol according to the 
present invention is characterized in that water is supplied 
to a solution thereof in a water-insoluble organic solvent. 
According to the present invention, generation of ergosterol 
crystals, is promoted, thereby achieving a higher yield. In 
addition, by controlling the water supply, generation of 
ergosterol aggregates with good solid-liquid separation 
character is promoted, thereby achieving high yield. 
Moreover, such ergosterol aggregates obtained by controlling 
water supply contains an amorphous component in a crystal 
thereof, and has a crystallinity of approximately 50% to 90%. 

That is to say, the present invention relates to a method 
of separating ergosterol from a solution containing 
ergosterol in water-insoluble organic solvent, which 
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comprises supplying water to said solution and precipitating 
ergosterol . 

Moreover, the present invention relates to the above 
described method, wherein an amount of the water supplied is 
within such a range of amount that no phase separation to form 
two liquid phases occurs between the water-insoluble organic 
solvent and water. 

Furthermore, the present invention relates to: the above 
described method, wherein the solution containing ergosterol 
in the water-insoluble organic solvent is a solution 
extracted from a microorganism containing the ergosterol 
using the water-insoluble organic solvent, or a solution 
obtained by extracting ergosterol from the microorganism 
using another solvent and then replacing said another solvent 
with the water-insoluble organic solvent; 

the above described method, wherein the water-insoluble 
organic solvent is hexane, heptane, octane, or a mixture 
thereof; 

the above described method, wherein supplying water is 
conducted by continuously or intermittently moisturizing a 
gas phase portion within an apparatus for precipitating 
ergosterol; and 

the above described method, wherein ergosterol is 
separated by precipitation as an aggregate having a 
crystallinity of 50% to 90%. 

Still further, the present invention relates to an 
ergosterol aggregate having a crystallinity of 50% to 90%. 
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Detailed Description of the Invention 

The present invention will be described in detail below. 

The method of separating ergosterol of the present 
invention is characterized in that it comprises supplying 
water to a solution thereof in a water-insoluble organic 
solvent containing ergosterol, so as to precipitate 
ergosterol . 

Ergosterol is a type of sterols, which is contained in 
microorganisms such as fungi. It is a substance useful as 
a provitamin D2 . Representative fungi containing ergosterol 
may include: mushrooms such as Lentinus edodes or Grifola 
frondosa; yeasts; and leguminous bacteria found in roots of 
leguminous plants. In addition, other microorganisms 
containing ergosterol may include unicellular algae such as 
Chlorella. 

The term "water-insoluble organic solvent" is used in 
the present invention to mean a substance that is generally 
considered to be insoluble or hardly soluble in water based 
on Material Safety Data Sheets, for example. Specific 
examples of such a water-insoluble organic solvent may 
include: aliphatic hydrocarbons such as hexane, heptane, or 
octane; aromatic hydrocarbons such as benzene, toluene, or 
xylene; and halogenated hydrocarbons such as methylene 
chloride, chloroform, or carbon tetrachloride. These 
solvents may be used singly or in combination of two or more 
types. In terms of necessity of conducting an. ergosterol 
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precipitation operation, among the aforementioned solvents, 
aliphatic hydrocarbons are preferable because the solubility 
of ergosterol is low therein. Of these, hexane, heptane, 
octane, and a mixture thereof are more preferable. 

Examples of a solution containing ergosterol in a 
water-insoluble organic solvent may include: a solution 
thereof in a water-insoluble organic solvent in which only 
ergosterol is dissolved; a solution extracted from a 
microorganism containing the ergosterol, such as fungi, using 
a water-insoluble organic solvent; and a solution obtaining 
by extracting ergosterol from a microorganism containing 
ergosterol, such as fungi, by using another solvent and then 
replacing said another solvent with the water-insoluble 
organic solvent. 

Examples of another solvent used for extraction may 
include: water-soluble organic solvent such as acetone, 
ethanol, or 2-propanol; and mixtures comprising these 
water-soluble organic solvents and the aforementioned 
water-insoluble organic solvents. 

When ergosterol is extracted from a microorganism 
containing the ergosterol, such as fungi, using a water- 
insoluble organic solvent, the obtained extract may directly 
be used in the subsequent precipitation step. Otherwise, 
after ergosterol has been extracted with a water-insoluble 
organic solvent (aromatic hydrocarbon or halogenated 
hydrocarbon) in which the solubility of ergosterol is high, 
the water-insoluble organic solvent may be exchanged with 
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another water-insoluble organic solvent (aliphatic 
hydrocarbon) in which the solubility of ■ ergosterol is low. 
The thus obtained solution may be used in the subsequent 
precipitation step . 

When ergosterol is precipitated from a solution thereof 
in a water-insoluble organic solvent containing the 
ergosterol, generally known methods can be applied. 
Examples of such known methods may include: cooling 
crystallization of decreasing the temperature of a solution 
to decrease solubility, so as to precipitate a product of 
interest; and evaporation crystallization of evaporating an 
organic solvent for concentration, so as to precipitate a 
product of interest. In the present invention, the cooling 
crystallization is applied more preferably than the 
evaporation crystallization in which water is evaporated and 
lost by azeotropy or the like. 

A system for precipitating ergosterol is not 
particularly limited. Examples of such a system may include: 
a batch crystallizer using an agitation tank equipped with 
a jacket; a continuous crystallizer for continuously 
supplying and discharging the liquid from one or more 
agitation tanks equipped with a jacket; and a continuous tower 
crystallizer. 

In the present invention, water is supplied to 
precipitate ergosterol. An amount of the water supplied is 
within such a range of amount that no phase separation to form 
two liquid phases occurs between the water-insoluble organic 
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solvent. The term "such a range of amount that no phase 
separation to form two liquid phases occurs between the 
water-insoluble organic solvent" is used herein to mean a 
trace amount of water that can be dissolved in a water- 
insoluble organic solvent. Such an amount of water is 
associated with water solubility in the water-insoluble 
organic solvent, and thus, it varies somewhat depending on 
the type of a water-insoluble organic solvent. When hexane 
is used as such a water-insoluble organic solvent, for example, 
the amount of water is preferably approximately 1 to 100 ppm 
with respect to the hexane. 

If the amount of water is too large, the water-insoluble 
organic solvent solution is separated into two liquid phases , 
a water-insoluble organic solvent phase and water phase. As 
a result, it becomes difficult to handle, and also ergosterol 
appears as needle crystals, thereby resulting in a rather 
poorer solid-liquid separation character. In contrast, if 
no water is supplied, crystals are not precipitated, and the 
yield thereby decreases. 

If water is supplied in a liquid form, even within a range 
where the solution is not separated into two liquid phases, 
the liquid phase transiently may become nonuniform, and 
needle crystals may then be formed at a position where water 
is localized. In order to prevent such a phenomenon, it is 
preferable that water is supplied by moisturizing a gas phase 
portion (a portion where the gas exists) in a system for 
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precipitating ergosterol, so as to maintain the liquid phase 
in a uniform state. 

A method of moisturizing a gas phase portion is not 
particularly limited, as long as it can supply water to such 
an extent that the water-insoluble organic solvent solution 
is not separated into two liquid phases- Examples of such 
a method may include: direct feeding of steam; flowing of 
nitrogen gas or the like that has passed through water; supply 
of misty water generated using an ultrasonic humidifier; and 
flowing of a gas that has passed though the misty water as 
generated above. 

Moreover, it is preferable that water is supplied 
continuously or intermittently. More preferably, water is 
supplied by continuously or intermittently moisturizing a gas 
phase portion of a system for precipitating ergosterol. 

A crystallization temperature is preferably -30°C to 80 9 C f 
and more preferably -20°C to 60°C. A crystallization time is 
preferably 0.5 to 24 hours, and more preferably 1 to 6 hours. 
When crystallization is carried out by gradual cooling, a 
cooling rate is preferably 0.05°C to 3°C/min, and more 
preferably 0.1°C to l°C/min. 

After ergosterol has been precipitated as described 
above, solid-liquid separation is conducted by filtration or 
the like, so as to separate ergosterol. Thereafter, the 
separated ergosterol is dried at ordinary temperature or 
while warming, under ordinary or reduced pressure, so as to 
obtain ergosterol crystals. 
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The recovery rate of ergosterol is preferably 60% or more, 
more preferably 70% or more, further preferably 80% or more, 
and particularly preferably 90% or more. 

Ergosterol precipitated and separated by particularly 
controlling the water supply in the method of separating 
ergosterol of the present invention is a granular ergosterol 
aggregate with good solid-liquid separation character. This 
aggregate does not only comprise generally known hydrate 
crystals, but also comprises amorphous component as well as 
hydrate crystals in the crystals thereof. Since such 
amorphous component contain no crystal water, an aggregate 
can efficiently be precipitated with water supply that are 
smaller than those necessary for obtaining the aggregate 
entirely in the form of hydrate crystals, thereby improving 
the yield. Thus, it is preferable that the amount of such 
amorphous component is larger. However, if the amount is too 
large, the resultant product cannot be obtained in the form 
of an aggregate. Accordingly, the crystallinity of an 
ergosterol aggregate is preferably 50% to 90%, and more 
preferably 60% to 80%. 

Since an aggregate with such characteristics still 
requires a minute amount of water to constitute crystal 
component, if no water is supplied during the precipitation 
of .ergosterol, water contained in the system will be consumed 
up, so that the yield cannot be increased. 

The aforementioned crystallinity can be measured by 
X-ray diffraction or the like. Moreover, it can also be 
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obtained by measuring water of hydration by thermogravimetric 
analysis. Herein, the value obtained by measuring by 
thermogravimetric analysis is adopted as a crystallinity . 
That is, an aggregate that has been dried by air so as not 
to lose crystal water is subjected to thermogravimetric 
analysis, so that the water content thereof is measured, 
thereby obtaining the amount of crystal component in the 
aggregate, that is, a crystallinity. 

Specifically, such a crystallinity can be obtained as 
follows. It is considered that the crystal component in the 
air-dried aggregate correspond to a monohydrate and that the 
amorphous component contains no water. Thus, the number of 
moles of water present in the aggregate = the number of moles 
of crystals. In addition, when the weight of a sample 
subjected to the analysis is expressed as W and the loss weight 
measurement is expressed as Aw, the following formulas hold: 
The number of moles of crystals (Mc) = Aw / the molecular weight 
of water; and 

The total number of moles of ergosterol (M) = (W-Aw) / the 
molecular weight of ergosterol. Thus, a crystallinity is 
obtained by the following formula: 

Crystallinity = (Mc/M) x 100. 

The particle size of the obtained granular aggregate is 
preferably 50 jam or greater, and more preferably 100 jam or 
greater . 

Best Mode for Carrying Out the Invention 
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The present invention will be further described in the 
following examples. However , the examples are not intended 
to limit the scope of the present invention. 

(Example 1) 

500 ml of a hexane solution containing ergosterol with 
a concentration of 4 g/L was filtrated and then placed in a 
batch crystallizer equipped with a 500 ml separable flask. 
While stirring, the solution was cooled at a cooling rate of 
0.2°C/min until the liquid temperature decreased from 45°C 
to 10°C. After the liquid temperature became 35°C, the upper 
portion of the flask was opened every 25 minutes, so that using 
a syringe, 100 ml each of the air moisturized with hot water 
at 40°C was fed into the flask. After completion of the 
cooling crystallization, the solid was separated from the 
liquid using a vacuum filtration system, and then the solid 
was dried, so as to obtain an aggregate. The thus obtained 
crystal was a granular aggregate having a particle size 
between 100 |xm and 200 j-tm. The granular aggregate exhibited 
good solid-liquid separation character, and the recovery rate 

(obtained by measuring the concentration of the solution 
using the additive amount as a standard) was also favorable, 
resulting in 78%. In addition, the' reduced weight was 
measured by increasing the temperature from 30°C to 180°C at 
a rate of 10°C/min, using a thermogravimetric system 

(TG/DTA220; manufactured by Seiko Instruments Inc.), so as 
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to obtain a crystallinity . As a result, the crystallinity 
of this aggregate was found to be 66%. 

(Example 2) 

A hexane solution containing ergosterol whose 
concentration had been adjusted to be 4 g/L was continuously 
supplied to a continuous tower crystallizer having an inside 
diameter of 30 mm and a height of 450 mm. The crystallizer 
was operated under conditions consisting of: the temperature 
of a discharging port at the head of the tower of 10°C; a 
rotation rate by stirring of 100 rpm; a liquid-supplying rate 
of 5 ml/min (wherein the supplied liquid was maintained at 
approximately 50°C) ; and a mean retention time of 60 minutes. 
A nitrogen gas, which was moisturized by passing it through 
a trap tube containing water, was flown through a gas phase 
portion from a nozzle located at the top end of the above system. 
Crystals precipitated and sedimented in the system were 
sampled. As a result, it was found that the crystal was a 
granular aggregate with a particle size of approximately 200 
jxm, which exhibited good solid-liquid separation character. 
After completion of the operation for 1 hour, the recovery 
rate (obtained by measuring the concentration of the solution 
existing the exit of the system, using the additive amount 
as a standard) was favorable, resulting in 77%. Moreover, 
thermogravimetric analysis was carried out in the same above 
manner. As a result, this crystal was found to have a 
crystallinity of 60%. 



- 13 - 



(Example 3) 

Hexane solution (500 ml) containing ergosterol with a 
concentration of 4 g/L was filtrated and then added to a batch 
crystallizer of a 500 ml separable flask. While stirring, 
the solution was cooled at a cooling rate of 0.2°C/min until 
the liquid temperature decreased from 45°C to 10°C. During 
the cooling, 0 . 5 ml of water was added. The added water could 
not be dissolved in hexane, and existed as a droplet until 
completion of the cooling. After completion of the cooling, 
the solid was separated from the liquid, and a crystal was 
collected after drying it under reduced pressure. The 
recovery rate (obtained by measuring the concentration of the 
solution using the additive amount as a standard) was 
favorable, resulting in 87%. However, the crystal had a 
needle form. Moreover, thermogravimetric analysis was 
carried out in the same above manner. As a result, this 
crystal was found to have a crystallinity of 95%. 

(Comparative example 1) 

A hexane solution (500 ml) containing ergosterol with 
a concentration of 4 g/L was filtrated and then added to a 
batch crystallizer of a 500 ml separable flask. While 
stirring, the solution was cooled at a cooling rate of 
0.2°C/min until the liquid temperature decreased from 45°C 
to 10°C . The system was hermetically sealed until the cooling 
operation was completed. After completion of the cooling, 
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the solid was separated from the liquid, and a crystal was 
collected after drying it under reduced pressure. The 
obtained crystal was a granular aggregate having a particle 
size of approximately 200 \xm, which exhibited good solid- 
liquid separation character. However, the recovery rate 
(obtained by measuring the concentration of the solution 
using the additive amount as a standard) was poor, resulting 
in 53%. 

Industrial Applicability 

The present invention makes it possible to obtain 
ergosterol crystals at a high yield. Moreover, by controlling 
the water supply, it becomes possible to obtain a granular 
ergosterol aggregate exhibiting good solid-liquid separation 
character at a high yield- 



